Orphenadrine has been reported to improve effectively a variety of skeletal muscle spasms (1-5) and various disorders of parkinsonism (6-9). Orphenadrine is known to be one of anticholinergic agents with weak antihistamine activity (9). The anticholinergic and antihistamine mechanisms seem to be somewhat essential for the antiparkinson drugs (10, 11). The blocking effects of the anticholinergic antiparkinson agents on the reticular ascending function (12) as well as the suppressing effects on the tremor induced either by destructive lesions in the midbrain tegmentum (12) and the reticular formation (14) or by electrical stimulation of these structures (15, 16) indicate that the cholinergic mechanism is involved somewhere in the polysynaptic chains of the ascending and descending path ways from the midbrain.
. The blocking effects of the anticholinergic antiparkinson agents on the reticular ascending function (12) as well as the suppressing effects on the tremor induced either by destructive lesions in the midbrain tegmentum (12) and the reticular formation (14) or by electrical stimulation of these structures (15, 16) indicate that the cholinergic mechanism is involved somewhere in the polysynaptic chains of the ascending and descending path ways from the midbrain.
These evidences indicate that the suppression of the arousal response in the cortical EEG is predictive for the prevention of the tremor manifestation in the parkinson patients. Such an effect has been utilized for the evaluation of the antiparkinson agents (10, 12) . In the present experiments the effects of various agents including orphenadrine were ob served on the arousal responses of the cortical EEG and on the motor responses such as the head turning and neck tremor caused by electrical stimulation of the midbrain tegmentum. However, the uniform and parallel depression of both parameters was not always obtained, varying considerably in effect according to the administered doses and also to the time length after the administration. The antiparkinson characteristics of orphenadrine were discussed, based on the evidences obtained.
METHODS
Twenty male albino rabbits, weighing 2.0 to 3.2 kg, were used. The head of the anesthetized animal with ether inhalation was fixed on the stereotaxic instrument of Todai Noken type. A silver needle electrode with a ball of about 1 mm in diameter at the tip was used for the induction of the sensory and motor cortical EEGs, while pairs of teflon coated stainless steel electrodes, exposed 1 to 1.5 mm at the tips and mutually 2 to 3 mm apart at the vertical sites of the tip, were used for the induction of the hippocampal EEG and electrical stimulation of the midbrain. The hippocampal electrode was inserted 7 to 8 mm in depth at the site 4.5 mm posterior and 4.5 mm lateral from the bregma. The electrodes for the midbrain stimulation were inserted 14 to 18 mm in depth into the mid brain tegmentum at the site (frontal F-G and sagittal a-b) according to the atlas for the stereotaxic brain research written by Monnier and Gangloff (17) . The indifferent elec trode was a screw fixed on the scalpel posterior to the frontal sinus. All the electrodes were fixed on the skull bone with dental cement. Thereafter, the awaked animal from the ether anesthesia was unfastened from the stereotaxic instrument and was kept in an animal box with a hole allowing the protrustion of the head. The hole was large enough for the free movement of the neck but not for the pulling-in of the head. According to the modification of the method of Basmajian et al. (18) , the EMG of the bilateral splenius muscles or traverso-occipital muscles was recorded by means of teflon wire, exposed about 5 mm at the tip, inserted and hooked in and with the muscles. The EKG was recorded by the II lead. The respiratory excursion was recorded by measuring the resistance changes of the rubber band filled with standard zinc sulfate solution, which was tied around the chest and transmitted the electric current below 100 PA.
The midbrain tegmentum was stimulated with square waves (60 cps and 1 to 5 msec in duration), delivered from the Nihon Koden MSE-3 stimulator, for 10 seconds. The animals was also acoustically stimulated with a buzzer, located at the distance of one meter from the animal body for 10 seconds. All the parameters were recorded from about two hours after the setting-up of these electrodes on a San-ei Sokki Type EA-401 electroen cephalograph. Orphenadrine hydorchloride (Dainippon Seiyaku, R-528), dissolved in the physio logical saline, was injected into the marginal ear vein at the speed of total volume/2 to 3 minutes. The other drugs used were scopolamine hydrobromide, atropine sulfate, pento barbital sodium, chlorpromazine hydrochloride and mephenesin, and they were injected also into the marginal ear vein.
Some of the animals that received the above-described surgical procedures were treated with the local application of fradiomycin powder and intramuscular injection of 0.15 to 0.3 million units of penicillin. The drug effects were repeatedly observed on these animals in cross-over test at the interval of more than one week from more than one week after the surgical operation. This was intended for the exclusion of the inter ference of the drug effect with the surgical operation and also with the slightly different location of the inserted electrodes.
RESULTS

I. Effects of orphenadrine on the spontaneous EEGs
From one to 3 minutes after the intravenous injection of 0.5 to 8.0 mg/kg of orphena drine the acutely or chronically electrode-implanted animals exhibited a dominant ap perance of the resting EEG pattern, associated with the high amplitude slow waves and intermingled with the spindle bursts, in the cortical EEG and the desynchronization of the hippocampal EEG (Figs. 1,4 and 5) . Although the EEG pattern caused by orphena drine resembled the spontaneously resting pattern in the non-treated animals, it differed in the following respects : 1) the greater domination of the high amplitude slow waves (Figs. 1 and 5), 2) in contrast to easy spontaneous interruption of the resting pattern in the non treated animals at the maximal interval of several minutes, the dose-dependent continuation of the resting pattern for 20 minutes to 4 hours, 3) the decrease in duration of the arousal response of the cortical EEG to buzzer stimulation repeated at the interval of 5 or 10 minutes in the treated animals, and 4) the occasional elevation of the stimulation threshold for the Figs. 2-7 ).
Upper figure : Before drug administration.
Lower figure : about 30 minutes after orphenadrine 8 mg/kg admini stration.
Notice the complete (Figs. 2 and 3) and incomplete ( Fig. 1 ) block of the auditory arousal response in EEG with the animal movement during the auditory stimuli of 10 second duration (the period of timer blocking). minutes after the administration. On the other hand, the chronically electrode-implanted animals exhibited the duration of the response less than 5 seconds before the drug admini stration, and therefore the results were excluded from the present table .
The respiratory rate in the animals treated with orphenadrine did not significantly differ from the mean previous rate of 70:L-23/min. The intravenous doses of orphenadrine below 2 mg/kg did not affect the previous heart rate of 160 to 250/min , while the same pro cedure of 5 to 8 mg/kg increased the heart rate by 10 to 40% preceded with or without a transient decrease in more than half of the animals. Only the animals that received higher doses exhibited the mydriasis. In addition, the treated animals were characteristic in showing the bodily movements even during the dominant manifestation of the resting EEG pattern accompanied by the intermingling of the alert pattern (Fig. 1) .
The similar sequence of the occasional bodily movement during the manifestation of the slow waves in the EEG in the animals treated with atropine or scopolamine was a good contrast to the decreased movement in the animals treated with pentobarbital sodium or chlorpromazine. However, the animals that received 5 mg/kg of atropine or 2 mg/kg of scopolamine exhibited also the similar bodily movement without any sign of the alert pattern in the spontaneous EEG, as shown in Figs. 2 and 3 . The intravenous administration of orphenadrine in the doses above 10 mg/kg provoked body tremors in response to the throwing of the animal on the floor . In addition, these animals exhibited occasionally convulsion and shock-like symptoms, which made difficult the recording of the EEG. The motor responses of the animals to stimulation of the midbrain tegmentum ob served through one-direction-glass window were scored as follows : no response (score 0), a sign of the head movement (score 1), a transient but apparently visible movement of the head (score 2), a repetition of the head movement (score 3), and a violent bodily movement (score 4). The electrical stumuli were applied at the intensity, by which at least five sti mulations produced the responses of the scores of two or more.
The repetition of the tegmental threshold stimulation two to four time every 30 minutes for the succeeding three hours produced a slight but non-significant changes of the scores before drug administration. The lack of significance of the changes was confirmed by application of the t-test. The predominantly upward flexion of the head produced initially by the supra-threshold stimuli or repetition of the threshold stimuli turned to the predominantly downward or ipsiversive flexion. The variation in the res ponses is probably due to the modification of the proper neural system in excitability caused by changes of the neck muscle in tone.
Therefore, in the present experiments the mecha nism responsible for the direction of the head flexion was not studied systematically. The percent changes of the mean value of 3 to 5 scorings obtained after the administ ration of orphenadrine in the acutely and chronically electrode-implanted animals to the same value previous to the administration are shown in Table 2 -a and -b. The acutely electrode-implanted animals that received the doses of orphenadrine showed a slight indi vidual variation of the scores, while the chronically electrode-implanted animals showed a marked variation. The decrease in the scores caused by orphenadrine was significant at the level of 5 % by application of the t-test. This was observed from 30 to 90 minutes and from 30 to 180 minutes after the administration of 1 and 2 mg/kg, respectively, in the acutely electrode-implanted animals. The similar decrease was also observed in one of the chronically electrode-implanted animals from 30 to 180 minutes after the admini stration of 5 mg/kg. However, the doses of 5 and 8 mg/kg in the respective two acutely electrode-implanted animals and the respective one and two chronically electrode implanted animals activated rather the motor response to tegmental stimulation. Since the observations were mainly done in the animals manifesting the upward head turning with slight ipsiversive one, the effect of orphenadrine seemed not to depend on the direc tion of the head movement. Fig. 4 shows the suppressing effect of 5 mg/kg of orphenadrine on the motor responses of the animals to the tegmental stimulation. The dose of 8 mg/kg elicited an apparent decrease in the stimulation threshold (Fig. 5) . The acutely electrode-implanted animals, which showed a significant depression of the motor response by 2 mg/kg of orphenadrine, showed the maximal depression of only 44% by the same dose three weeks thereafter. Thus, the depressing effect of orphenadrine on the motor response to temgental stimula tion seemed to be somewhat decreased in the chronically electrode-implanted animals. The biphasic effect of orphenadrine, the depression by the small does and activation by the large dose, on the motor responses to tegmental stimulation was more marked in the acutely electrode-implanted animals than in the chronically electrode-implanted animals. The similar biphasic effect of atropine and scopolamine was also confirmed. The intra venous administraion of 0.5 mg/kg of atropine and 0.1 mg/kg of scopolamine produced a significant depression of the motor response usually lasting for one to three hours, while the same procedure of 0. These latter stimuli were effective on full synchronization of the hippocampal EEG but not on motor response (head turning) before the drug administration.
Other change of the gross behavior observed within 30 minutes after the admini stration of pentobarbital sodium was the loss of postural reflex of the hind limbs . The loss of the righting reflex which appeared within 10 minutes after the injection of mephenesin was followed transiently with the complete disappearance of the EMG . Chlorpromazine in the doses from 2 to 5 mg/kg produced a decrease in the spontaneous movement with the muscular hypotonia and occasional slowing of the respiratory rate lasting for a few hours. On the other hand, such signs of the behavioral sedation associated with the depression of the tegmental motor response were not observed in the animals that received orphenadrine, atropine or scopolamine . The depression of the head turning reported to be produced by 2.5 mg/kg of chlorpromazine in the cat (10) was also confirmed in the rabbit which received 1 to 2 mg/kg. 2. Effects on the EEG arousal response to midbrain tegmentum stimulation The electrical stimulation of the midbrain tegmentum at 60 cps in the acutely and chronically electrode-implanted animals produced an arousal pattern of the cortical EEG. The stimulation threshold in the former and latter animals ranged from 0.3 to 1.0 V and from 0.8 to 2.0 V, respectively. As shown in Table 2 -a and -b, the threshold elevation in the former animals was observed in the doses of orphenadrine above 0.5 mg/kg, but the latter animals showed a decreased sensitivity to orphenadrine. The results were taken from the averages of two or three responses repeated at the time-interval of 20 or 30 minutes.
The observation by Brucke et al. (20) showed that the frequency of the hippocampal theta waves during the manifestation of the arousal response to stimulation of the midbrain reticular formation at several folds of the threshold intensity was decreased by chlorproma zine, procaine and hexobarbital sodium but not by scopolamine. In the present experi ments the threshold intensity to evoke the tegmental motor responses corresponded to two to four folds of that to evoke the EEG arousal response. The frequency of the theta waves in the hippocampal EEG during the two seconds after the strong stimuli was 7.2±0.4 cps (mean of 5 estimations). As shown in Table 3 , the intravenous admini stration of 1 to 8 mg/kg of orphenadrine in both electrode-implanted animals decreased the frequency of the theta waves by 88% at maximum. Table 4 shows the maximal change of the frequency of the theta waves in the hippocampal EEG within 3 hours after the administration of atropine, scopol amine, pentobarbital sodium, mephenesin and chlorpromazine. Pentobarbital sodium, chlorpromazine and mephenesin in large doses decreased the frequency by more than 80°c, while the same decrease by scopola mine, atropine and orphenadrine remained within 80°;, of the previous level. Table 5 illustrates the relationship between the change of the stimulation threshold for the EEG arousal response and the frequency of the motor response in the animals that received the respective agents. In this respect, the mean scores of the motor responses observed two to four times at an approximate time-interval of 30 minutes were classified into the following three groups in comparison with the scores before the drug administra tion: 1) no suppression (more than 70%), 2) incomplete suppression (30 to 70%) and complete suppression (less than 30%) associative relationship the depression of the motor response by either agent progressed with the threshold elevation for the reticular arousal response. On the other hand, 1.0 or less than 1.0 of the above-mentioned figures indicates the establishment of the dissocia tive relationship between both effects, that is, the progressive depression of the motor response despite the unchanged or lowered stimulation threshold for the arousal response. Pentobarbital sodium, mephenesin and small doses of chlorpromazine produced the asso ciative relationship between both responses, while atropine, orphenadrine, small dose of scopolamine and large doses of chlorpromazine produced the dissociative relationship.
The figures in the second column in Table 5 show the ratio of stimulation threshold for the EEG arousal response to the previous stimulation threshold during no suppression of the motor response. When this figure is large as in the animals that received large dose of scopolamine, it is indicated that the associative relationship between the effects on the motor and arousal responses is loose in nature and tends to change to the dissociative re lationship. In order to exclude the possible misleading of the analysis of the drug effects by the above-described associative and dissociative relationships due mainly to the temporal difference of the observation, another analysis of the relationships was proposed as an attemption in Fig. 8 . The decrease in the duration of the EEG arousal response caused by the tegmental threshold stimualtion after the drug administration is shown in Fig. 8 as ratio. The frequency of the motor response caused by the same stimuli in the animals that received the respecitve agents is also described. Chlorpromazine in large dose (E), pentobarbital sodium (F) and 75 mg/kg of mephenesin (F) shortened the duration of the EEG arousal response in association with the depression of the motor response, while 5 mg/kg of orphenadrine(B), 2 mg/kg of scopolamine(C) and 5 mg/kg of atropine(D) shorten ed the same duration without depressing the motor response. The small doses of orphena drine, scopolamine, atropine, and chlorpromazine showed an intermediate effects. Though the evaluation of the drug effect by this method proved less sensitive because of the utiliza tion of the supramaximal stimulation for the EEG arousal response, the results approved the classification of the depressive agents into two groups: the relatively associative depres sants such as pentobarbital sodium, mephenesin and chlorpromazine and the relatively dissociative depressants such as orphenadrine, scopolamine and atropine.
DISCUSSION
The destructive lesions (13, 14) or electrical stimulation (15, 16) of the reticular forma tion and the adjacent structures produced in cats and monkeys the rhythmically alternating parkinson-like tremors. The effective depression of the tremors by the centrally active anticholinergic and antiparkinson agents led Ward (21) to the hypothe3is that the excessive activation of the reticular formation by some cholinergic mechanism induced the parkin son tremors.
The electrical stimulation of the midbrain tegmentum in the unanesthetized rabbits produced a dominant manifestation of the upward and ipsiversive arrhythmic turning of the head accompanied by the downward turning. Few of the animals exhibited the rhyth mic vertical tremor of the head. The neural mechanism for the direction-specific move ments of the head evoked by the mesencephalic stimulation at low frequency was described in the review of Jung and Hassler (22) as follows : the descending neurones leading to the upward movement were ascribed to the rubro-spinal pathway, those leading to the down ward movements were to the tractus precommisurotegmentalis, and those leading to the ip siversive movements were to the reticulospinal and tectospinal tracts. In addition, many ascending pathways conveying impulses from the mesencephalon to the diencephalon and telencephalon could also be contributory for the mechanism of the head movement. Fur ther, some affection of the emotional reaction caused by the tegmental stimulation may participate non-specifically or as a result of escape reaction to the mechanism of head move ment. Whether the changes of the emotional reaction thus produced reflect on the EEG as an arousal response remains to be settled. Since the tegmental stimulation produced often the direction-specific head turning, not only the participation of the reticulospinal tract but also that of other neural pathways to the activation of this reaction could be suggested. In addition, the manifestation of the tremors by the tegmental stimulation in some of the animals suggests the presence of the tremor-controlling mechanism in the midbrain tegmentum. The depression of the head turning and tremor by atropine, scopolamine and less effective orphenadrine in the present experiments including the cross-over test indicates and supports an involvement of the cholinergic mechanism in such phasic movements. However, these anticholinergic agents activated the phasic movements by the large doses. The biphasic effect of orphenadrine, depression by the small dose and activation by the large dose, has been demonstrated on the ipsilateral flexor reflex in the thalamic cat (9) and on the metrazol convulsion in mice (23).
Though Jenkner et al. (16) have confirmed the depressing effect of atropine and scopolamine on the experimental tremors in the monkey, the biphasic nature of the anticholinergic agents shown in the rabbits should be re-investigated also in the monkey. Further, the effects of the large doses of these cholinergic agents on the non-cholinergic mechanism remains also to be settled. The involvement of the cholinergic mechanism in the reticular ascending system was discussed and reviewed by many investigators including Killam (24) . In this respect, Rinaldi and Himwich (12) have concluded that the agents which produce the depression of the EEG arousal response are always effective against the parkinsonism by showing a marked subjective improvement. The assumption that barbiturate or chlorpromazine depresses the EEG arousal response mainly due to the inhibition of the reticular ascending function propose the availability for the parkinsonism with insomnia, but in fact the clinical use of both drugs as an antiparkinson agent is contraindicative.
The subcutaneous injection of small doses of atropine and scopolamine in man pro duced the increased manifestation of the slow waves in the EEG with a concomitant diminu tion of both concentration and memory activities and also the development of drowsiness (25) . The latter effect was apparently observed in the patients that received scopolamine. However, the depression of the EEG reticular arousal response by atropine, scopolamine or orphenadrine in the rabbit did not necessarily associate with the motor response to teg mental stimulation. Therefore, these agents are not likely to improve the parkinson symptoms by depressing the reticular arousal mechanism. On the other hand, orphena drine has been characterized as the anti-anxiety and psychostimulant agent (26) (27) (28) . It produces effectively the subjective improvement in parkinsonian patients (27, 28) and drowsy pattern in the human EEG. However, the drowsy EEG pattern caused by the oral dose of 20 to 50 mg/kg does not persist but turns intermittently to the normal pattern (26) . Such diversity of the EEG pattern is often produced not only by orphena drine but also by other anti-anxiety drugs such as meprobamate and chlordiazepoxide (26) . The slight depression of the reticular arousal response by orphenadrine in the doses which suppressed the motor response to tegmental stimulation seems to relate with the clinical effects including the subjective improvement in the parkinson patient.
Orphenadrine, however, was inconsistent and slightly less than atropine and scopola mine in the depressing effect on the head turning and neck tremor caused by the tegmental stimulation especially in the chronically electrode-implanted rabbits. It is also reported that though orphenadrine is clinically effective against the dyskinesia and rigidity in the parkinsonian patient, the tremor is not effectively removed (6, 7). The ideal pharmacologi cal properties of the antiparkinson agent are as follows : 1) the least anticholinergic effect in the peripheral organs, 2) considerable depression of the reticular ascending function, and 3) selective depression of the descending function from the midbrain tegmentum par ticipating the inductions of the tremor. Orphenadrine seems to show either property con siderably.
The observations by Ginzel (29) that orphenadrine in the anesthetized and spinal cats markedly depressed the facilitation of the spinal reflex caused by stimulation of the reticular formation or by afferent stimulation of the contralateral sciatic nerve present one of the experimental evidences for the antispasmodic effect. In this respect, atropine, scopolamine, diphenhydramine and mecamylamine were much less effective. The comparison of the present results with the observations by Ginzel (29) requires the species difference of inner vation of the skeletal muscles between rabbits and cats. The effects of the tegmental stimu lation on the spinal reflex seems to differ in the efferent pathways from the head turning or tremor caused by the same stimulation. Therefore, the effects of the antiparkinson drugs may also differ according to the sites of action of the respective drugs. It seems probable that the depression of the spin-,,.1 reflex relates to the antispasmodic tivity, and that the depression of the head turning -,r tremor relate to the antiparkinso_,. .activity. The dominant manifestation of the resting pattern in the EEGs lasting for several ten minutes to several hours and the shortening in duration of the auditory arousal response in the EEG, were not followed by the behavioral sedation, but by the occasional motor excitements such that observed in the animals treated with atropine or scopolamine. The large doses of orphenadrine produced also the tachycardia and mydriasis. 2. The intravenous administration of 1 and 2 mg/kg of orphenadrine depressed the motor responses such as the neck tremor and head turning caused by the high frequency stimulation of the midbrain tegmentum, from 30 to 90 minutes and from 30 to 180 minutes after the administration, respectively, in the acutely electrode-implanted animals. The similar depression from 30 to 180 minutes after the administration of 5 mg/kg of orphena drine was observed in the chronically electrode-implanted animal. The further increase in the dose resulted in the facilitation of the same response in both acutely and chronically electrode-implanted animals. The similar biphasic effect on the motor responses of the doses of atropine and scopolamine was also confirmed. The depressing effects of 1 to 5 mg/kg of chlorpromazine, 50 to 75 mg/kg of mephenesin and 12 mg/kg of pentobartital sodium seemed to relate with the behavioral sedation.
3. The elevation of the stimulation threshold for the reticular arousal response in the cortical EEG, caused by 0.5 to 8.0 mg/kg of orphenadrine in most cases remained within the range of 200 percent of the previous level and the frequency of the theta waves of the hippocampal EEG, which appeared during the response, was not significantly affected .
In the latter respect, orphenadrine resembled with atropine and scopolamine and differed from chlorpromazine, mephenesin and pentobarbital sodium.
4. The examination of the parallel relationships between the depressions of the motor responses and the EEG arousal responses allowed the classification of the test agent into two groups, the relatively associative (mephenesin, pentobarbital sodium and chlorproma zine) and the relatively dissociative (atropine, scopolamine and orphenadrine).
